Investigation of stressed state of elastic element of elastic clutch from three ply reinforced polymer material by Hadzhiyski, Vilhelm & Atanasov, Zviatko
ENTWERFEN ENTWICKELN ERLEBEN
10. Gemeinsames Kolloquium Konstruktionstechnik 
KT2012 | Residenzschloss Dresden | 14.–15. Juni 2012 
Ralph Stelzer · Karl-Heinrich Grote · Klaus Brökel 
Frank Rieg · Jörg Feldhusen (Hrsg.)
Methoden und Werkzeuge in der Produktentwicklung
 
Stelzer · Grote · Brökel · Rieg · Feldhusen (Hrsg.) 
ENTWERFEN ENTWICKELN ERLEBEN 
Methoden und Werkzeuge in der Produktentwicklung 
10. Gemeinsames Kolloquium Konstruktionstechnik KT2012
TUDpress
 
ENTWERFEN ENTWICKELN ERLEBEN
Ralph Stelzer · Karl-Heinrich Grote · Klaus Brökel 
Frank Rieg · Jörg Feldhusen (Hrsg.)
Methoden und Werkzeuge in der Produktentwicklung
 
Entwickeln – Entwerfen – Erleben.
Methoden und Werkzeuge in der Produktentwicklung
10. Gemeinsames Kolloquium Konstruktionstechnik (KT2012) 
Herausgeber: 
Prof. Dr. Ralph Stelzer (Technische Universität Dresden)
Prof. Dr. Karl-Heinrich Grote (Otto-von-Guericke-Universität Magdeburg)
Prof. Dr. Klaus Brökel (Universität Rostock)
Prof. Dr. Frank Rieg (Universität Bayreuth)
Prof. Dr. Jörg Feldhusen (RWTH Aachen)
Wir bedanken uns für die Unterstützung bei
ma design, Tedata, Continental, xPLM, B.I.M. Consulting und Reiss Büromöbel
Bibliografische Information der Deutschen Nationalbibliothek
Die Deutsche Nationalbibliothek verzeichnet diese Publikation in der  
Deutschen Nationalbibliografie; detaillierte bibliografische Daten sind  
im Internet über http://dnb.d-nb.de abrufbar. 
Bibliographic information published by the Deutsche Nationalbibliothek
The Deutsche Nationalbibliothek lists this publication in the Deutsche  
Nationalbibliografie; detailed bibliographic data are available in the  
Internet at http://dnb.d-nb.de. 
ISBN 987-3-942710-80-0
© 2012 TUDpress 
Verlag der Wissenschaften GmbH
Bergstr. 70 | D-01069 Dresden
Tel.: 0351/47 96 97 20 | Fax: 0351/47 96 08 19
http://www.tudpress.de
Alle Rechte vorbehalten. All rights reserved.
Layout und Satz: Sandra Olbrich/Technische Universität Dresden.
Umschlaggestaltung: TU Dresden, Illustration Audi A6 Limousine © 2012 Audi AG
Vilhelm Hadzhiyski & Zviatko Atanasov
Investigation of stressed state  
of elastic element of elastic clutch  
from three ply reinforced  
polymer material
1 Introduction
The use of composite materials in engineering practice and in 
particular nonmetallic composite materials in the preparation of 
elastic couplings (clutches) requires modeling of their mechanical 
behavior. The production of elastic couplings with a elastic element 
having reinforced polymer materials require studying the behavior 
of those materials for loads which are typical for their operation. 
In many modern structures of elastic clutches are used multi-
layer reinforced composites. This kind of materials are composed 
of separate layers with different orientation of reinforcing fibers. 
Several authors have studied the behavior of this type of laminated 
materials (Yongming L. 2005, Zhang Y.X., 2009). Factors,which 
determine the stress and deformation state of this type of elastic 
elements are:
 — structure and mechanical characteristics
 — matrix and reinforced material 
 — connection between matrix and reinforced material
 — orientation of reinforcement.
The aim of this paper is to investigate stress and strain state of elastic 
element of coupling, creating a model for determination of the state 
of threelayers nonmetallic material for manufacturing of nonmetallic 
elastic elements.
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  2 Statement
The relationship between the middle stresses and middle strains 
in the layer of the reinforced material (with respect to axis x (fig. 1)) 
(Choo 1990, Jones 1999,  Tong et al. 2002):
                                   , (1)
where the components of the stiffness matrix in one layer are:
                                      ,           (2)
       —  components of stiffness matrix, which depends 
  from linear modulus of elasticity in the local 
  coordinate system 
       —  modulus in directions 1 and 2 (fig. 2)); shear  
  modulus (    ) in the local coordinate system;  
       —  Poison’s ratio in the local coordinate system; 
       —  number of layers in the package, 
       —  relative thickness of k-layer, 
       —  thickness of k-layer,  
       —  total thickness of the package.
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Figure 1: Structure of the elastic element of a coupling from threelayers composite 
material (reinforcement 90°, +45°, -45°)
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The relationship between the components of the stiffness matrix in 
one layer with one directional reinforcement is:
       , (3)
where:  
       —  angle of reinforcement in the layer,  
       — stiffness matrix coefficients in condition of one   
  directional stress state.
For three layers material:
   ,              (4)
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Figure 2: Acting force, stress and displacement of elastic element in case of radial 
displacement (    ) between the connecting shaft (reinforcement 90°, +45°, -45°)r
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Figure 4:  Stress state of reinforced material 90°, +45°, -45° in case of radial 
displacement between the shafts (direction of x axis)
Figure 3: Stress state of reinforced material 0°, +45°, -45°  in case of radial 
displacement () between the shafts (direction of x axis)
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coefficients            are presented by the stiffness matrix coeffici-
ents for main axes (1 and 2) of the layer , where:  
(5)
where: 
         — the stiffness matrix coefficients for plane   
       stress statement: 
    
     
(6)
In case of one directional stress state of threelayers composite ma-
terial in the x axis direction from formula (1) we have:
(7)
31 VVV
)1) jigij
/)433 ))))111 ggggV
/)))11 ggV
/)4 ))))113 ggggV
1)
11 1 vv
Eg
1)
11 vv
vE
vv
vEg
)
1 vv
Eg ) Gg
xyyxx ggg11
xyyx ggg
xyyx ggg
613
In
ve
st
ig
a
ti
o
n 
o
f 
st
re
ss
e
d 
st
a
te
 o
f 
el
as
ti
c 
el
e
m
en
t 
o
f 
el
as
ti
c 
cl
u
tc
h 
fr
o
m
 t
hr
e
e 
pl
y 
re
in
fo
rc
e
d 
p
ol
ym
er
 m
a
te
ri
al
  
 
3 Results
On fig. 3 , 4  and 5 are presented received numerical results in case 
of radial displacement ( r) of elastic coupling (deformation in direc-
tion of x axis) of three layers nonmetallic materials with angles of 
orientation of the reinforcement 0°, +45°, -45°; 90°, +45°, -45°; 45°, 
+30°, -30°, respectively.
The thickness of the first layer (h(1)) is 1 mm, and of second and third 
layer (h(2); h(3)) is 0,75 mm.
For investigation the stress and strain state of elastic element is 
realized an algorithm for step change of the loading.
The step of the loading is x= 0,05 MPa.      .
The step loading of the n-step of the load is:
   ,                              (8)nxyyxnxy
Fig. 5 .  Stress state of reinforced material 45°, +30°, -30° in case of radial displacement 
between the shafts (direction of x axis)
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which caused the next change of the strain:
 (9)
where:  
        —  stiffness matrix which is determined from the 
  previous step of the loading.
4 Analysis of the results
Upon reaching a stress x = 369 MPa occurs a fracture of the elastic 
element from threelayers nonmetallic composite material 0°, +45°, 
-45° (fig. 3).
For reinforcement 90°, +30°, -30°, the elastic element first loses its 
solid state when the stress reach x = 97,2 MPa (fig. 4 ), the further 
increasing of the stress, directed along the x axis, occurs  fracture 
( x = 204 MPa).
For a stress x = 91 MPa, elastic element with reinforcement 45°, 
+30°, -30°, loses its solid state (fig. 5). The elastic element with 
these reinforcement is damaged at x = 476 MPa.
5 Conclusion
1. It is proposed a model for determination of the stress 
and strain state of three layers nonmetallic reinforced 
material for manufacturing elastic elements of the cou-
plings. The model presents behavior of elastic element 
in the condition of loading, typical for exploitation of the 
elastic couplings.
2. The stress and strain state of elastic element of a cou-
pling for the next reinforcement angles of threelayers 
materials: 0°, +45°, -45°; 90°, +30°, -30°; 45°, +30°, 
-30°, are investigated.
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3. The loss of ability to work of the elastic element, is 
determined from the compressive fracture in direction 
perpendicular of the direction of the fibers ( 2  = lim it-2), 
2 – acting stress in separated layer, lim it-2 – limit com-
pressive strength in direction 2.
4. Defining a loss of the solid state is the high shear 
stresses ( 12 lim it-12), which cause the occurrence of 
cracks in polymeric material (the connecting material), 
12 –acting shear stress, lim it-12 – limit shear strength in 
direction 1, 2.
5. In case of radial displacement ( r) of the elastic ele-
ment of the coupling, most favorable for the strength 
is reinforcement 45°, +30°, -30° (fracture at x = 476 
MPa), as the material passes through the phase of loss 
of integrity (cracking).
6. For highmodulus elastic elements of the couplings 
most favorable is reinforcement 0°, +45°, -45°. In 
these case when the fracture is occurred ( x = 
369 MPa), the strain in the material x = 0,513 is 
(for reinforcement 90°, +45°, -45° these value is   
x = 2,11 and for reinforcement 45°, +30°, -30°  the 
strain is x = 4,01).
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